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Description 

This invention relates to a composition having 
medicinal applications. More particularly, the 
invention relates to a fluid for use in medical 5 
dialysis procedures, particularly, but not exclu- 
sively, peritoneal dialysis. 

In the human body, solutes transfer from one 
body fluid to another by diffusion processes 
which include dialysis, osmosis and ultrafiltration io 
(hereafter referred to simply as "dialysis"). 
Unwanted solutes, toxins and excess water are 
transferred from the bloodstream by dialysis in 
the kidneys for excretion from the body. In the 
event of kidney malfunction, the indicated is 
medical treatment is kidney transplantation or, 
alternatively, extracorporeal haemodialysis. The 
preferred treatment is transplantation but, of 
course, this depends on the availability of donor 
kidneys of compatible tissue type. The surgical 20 
procedure is lengthy, and therefore expensive in 
manpower and equipment costs, and, although 
controllable to a great extent by drug adminis- 
tration, rejection of the transplanted kidney may 
occur. Transplantation, however, remains the pre- 25 
ferred treatment as the patients may thereafter 
lead a more or less normal lifestyle. 

Haemodialysis is a substitute for kidney trans- 
plantation. Depending on the severity of the renal 
malfunction, patients require more or less fre- 30 
quent sessions of dialysis. Blood is withdrawn 
from the patient's bloodstream and passed 
through a dialyser wherein the blood is brought 
into contact with a selectively permeable mem- 
brane, of cellulosic or synthetic polymeric 35 
material for example, the remote side of which 
contacts a dialysis fluid. By the laws of diffusion, 
solutes in the blood are transported across the 
membrane into the dialysis fluid and water is 
removed by ultrafiltration. 40 

Haemodialysis is normally carried out under 
medical supervision in the out-patients depart- 
ment of hospitals although it can be done by the 
patient at home should he be capable of scrupul- 
ous observation of procedures after training. The 45 
absence of suitable conditions in the home or 
inability of the patient for one reason or another 
to observe the rules of procedure may preclude 
home dialysis. Dialysis machines are expensive 
and require a substantial amount of maintenance so 
by way of routine sterilisation. 

Haemodialysis is extremely restricting to the 
patient. For example, if leaving the vicinity of the 
treatment centre he has to make arrangements to 
be treated at a dialysis unit in the locale of his 55 
destination. In summary, then, renal dialysis is an 
extremely restricting form of treatment to the 
patient who has to attend hospital for dialysis and 
it requires a great deal of patient cooperation and 
attention to procedural details if it is to be carried 60 
out at home. The hardware associated with the 
procedure is also expensive. 

Peritoneal dialysis is now a well-established 
procedure which may be used as a substitute for 
extracorporeal haemodialysis for those patients 65 



for whom, because of some medical condition 
other than the renal failure itself, the use of 
haemodialysis is contra-indicated or is simply not 
available. 

In peritoneal dialysis, a dialysis fluid is intro- 
duced via a catheter into the peritoneal cavity in 
the abdomen of the patient and removal of toxins 
and water takes place across the peritoneum 
which acts as the semi-permeable membrane. 
The peritoneal cavity is flooded with the fluid, left 
for an appropriate lapse of time, and then 
drained. 

In Continuous Ambulatory Peritoneal Dialysis 
(CAPD), a catheter is permanently implanted by 
surgery through the abdominal wall of the patient 
and it is through this catheter that the dialysis 
liquid is introduced, commonly, because pro- 
cedures are simple, by the patient himself from a 
flexible sachet of the sterile fluid. Once the fluid 
has been introduced, the patient simple roils up 
the sachet, stores it in a pocket in his clothing, and 
is then free to continue normal activity while 
dialysis takes place. Later, he drains the spent 
fluid under gravity back into the sachet for dis- 
posal and introduces a fresh batch. Thus, dialysis 
is continuous and this has the advantage over 
periodic sessions of dialysis that intermittent 
disruption of the body chemistry of the patient is 
avoided. The frequency of change of the fluid 
varies from patient to patient but may be about 
four times in each twenty-four hour period. 

As indicated previously, saccaharides, glucose 
being the most common, are included in the 
dialysis fluids to impart the necessary osmotic 
gradient Almost any substance which is intro- 
duced into the peritoneal cavity will find its way 
eventually into the bloodstream and this passage 
is increased by the presence of breaks in the 
integrity of the peritoneal membrane, a condition 
which is not uncommon in patients who require 
the treatment. While the body may be quite 
capable of metabolising the additional sugar, the 
long term effect is undesirable and in certain 
patients, such as diabetics, constitutes an 
unacceptable medical hazard, and may require 
the additional complication of the patient having 
to introduce insulin into the dialysis fluid. 

It has been previously proposed to use as the 
osmotic agent, oligo- and poly-saccharides. How- 
ever, should these materials penetrate through 
the peritoneal membrane hydrolysis may occur 
resulting in de polymerisation and the same 
unacceptable condition associated with simple 
sugars arises. Substances such as sorbitol, xylitol, 
poiyglucoses and fructose have been investigated 
for application in peritoneal dialysis but have not 
found wide acceptance. 

Amino acid mixtures are widely used in 
medicine for the treatment of diverse medical 
conditions and appear to have potential for use as 
osmotic agents in dialysis fluids. They are non- 
toxic and are well tolerated by the body but, being 
of low molecular weight and small size they tend 
to penetrate the peritoneal membrane very easily 
and so rapidly that loss of the osmotic gradient 
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can occur resulting in reverse flow of solutes from 
the dialysis fluid into the circulation. However, 
previous work on this subject has established the 
non-toxicity of these substances. 

An object of the present invention is to provide 
a medicinal composition for particular use in fluid 
for medical dialysis treatments. 

According to the present invention there is 
provided a dialysis fluid comprising an aqueous 
solution containing as an osmotic agent a pep- 
tide-containing hydrolysate of milk protein. 

Preferably, the protein is sodium caseinate. 

Preferably also the hydrolysate is prepared by 
enzymic hydrolysis using a proteolytic enzyme 
such as trypsin, chymotrypsin, pancreatin, and 
pronase, of which trypsin is most preferred. How- 
ever, numerous such enzymes are available and 
may be used as deemed necessary or desirable. 

The osmolality of the solution is preferably in 
the range of from 100 to 400 mOsm/Kg, and most 
preferably in the region of 300 mOsm/Kg. 

The expression "milk" as used herein is to be 
understood as encompassing the milk of any 
mammal. Although, in normal practice, bovine 
milk will be the preferred material, there may be 
instances where other mammalian milk may be 
preferred. 

Normally the fluid will contain physiological 
concentrations of salts and other materials, for 
example, one or more of sodium, calcium, mag- 
nesium, chloride, citrate and lactate ions which 
are well-known additions to such fluids. 

The mixture of peptides of this invention can be 
derived by enzymic action from sodium caseinate 
which is essentially a mixture of four proteins, 
namely alpha-Si, alpha-S2, beta and kappa- 
caseins. These occur in bovine milk and each is of 
known constant chemical composition and struc- 
ture. Sodium caseinate is a commercial product, 
which is produced by fractionation of milk pro- 
teins and is advantageous in that it is available in 
high purity and of reliably known and predictable 
composition unlike some other fractions which 
tend to have variable and unpredictable composi- 
tion. Treatment of sodium caseinate with a pro- 
teolytic enzyme of known specificity of action 
produces a peptide mixture of highly predictable 
and reproducible composition, which, according 
to the invention, may be varied by selection of the 
enzyme or mixture of enzymes employed. The 
composition of the peptide mixture can therefore 
be varied to ensure that it contains a substantial 
proportion of peptides having properties suitable 
for the production of a satisfactory osmotic 
gradient for use in standard dialysis procedures. 
This main requirement is satisfied by peptides 
having molecular weights in the region of 1000 
(i.e. having 9 or 10 amino acid residues on 
average) and solubilities such that an aqueous 
solution of up to about 10 percent by weight can 
be achieved. 

Atypical example of the production of a peptide 
mixture for producing the osmotic gradient in 
dialysis, is afforded by the action of trypsin on 
sodium caseinate. The peptide mixture which 



results is composed of about 10 percent by 
weight of peptides having from two to five amino 
acid residues, about 40 percent by weight having 
from six to eighteen residues and the remainder 

5 having in excess of eighteen residues. The 
theoretical average number of amino acid 
residues in the three categories mentioned are 
three, ten and thirty-two, corresponding to mole- 
cular weights of 330, 1 100 and 3500 respectively. 

w The proportion of those having chains of approxi- 
mately ten amino acids may be increased at the 
expense of the longer chain length peptides by 
further treatment with one or more other pro- 
teolytic enzymes such as chymotrypsin or pan- 

75 creatin. 

After completion of the enzymic hydrolysis, the 
reaction mixture may be heat-steriiised and fil- 
tered to destroy and remove the enzymes present 
and thereby ensure that no proteolytic activity is 

20 transferred to the peritoneum during dialysis. 
However, it may be necessary or desirable to 
purify the peptide solution further by passage 
through a column of ion exchange resin. Sterilisa- 
tion of the dialysis solution may be effected by 

25 micropore filtration which is a generally accept- 
able process for such solutions, or it may be 
radiation sterilised. It is not believed that auto- 
claving would be a suitable sterilisation proce- 
dure as the peptides may be degraded by the high 

30 temperatures encountered in such a process. It is 
possible, however that autoclaving, if insisted 
upon might be done without any damage of 
significance. 
The use of peptides to provide the osmotic 

35 gradient in dialysis has inherent advantages over 
the sugar-based solutions used hitherto. The 
molecular size of the bulk of the peptides (about 
molecular weight 1100 and greater) ensures that 
diffusion across the peritoneal membrane will be 

AO minimal. This has four important consequences. 
First, the osmolality of the peptide solution will be 
maintained for a much longer period than with 
glucose and amino acid solutions since both 
glucose and amino acids diffuse very rapidly 

45 across the membrane with concomitant reduction 
in the osmotic effectiveness of the solution in the 
peritoneum. For this reason the peptide solution 
will exert a greater osmotic effect over a longer 
period of time and hence require less frequent 

so replacement of the dialysis fluid with a corre- 
sponding reduction in the risk of infection. 
Second, the absence of glucose removes a com- 
plicating factor in the treatment of diabetic 
patients and in the long term treatment of all 

55 patients. Third, any leakage of small peptides into 
the patient's bloodstream will present no 
metabolic problems and, indeed, may provide a 
small but useful supplement to the nitrogen 
content of the patient's diet. Fourth, the glucose- 

60 based solutions previously proposed have to be 
adjusted to pH for 5.3 to 5.5 or thereabouts to 
prevent degradation of the glucose during heat- 
sterilisation: since the peptide-based solution of 
the present invention does not suffer from this 

65 disadvantage, it may be used at normal phy- 
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siological pH value of around 6.6, which is, of 
course clinically desirable. 

The present invention has been discussed 
herein in the context of peritoneal dialysis/ How- 
ever, similar considerations apply to other types 
of medical dialysis procedures such as 
haemodialysis and the invention is applicable to 
other dialysis procedures. 

Protein hydrolysate derived from sodium 
caseinate as starting material have advantages 
accruing from that selection of starting material 
itself in that, beginning with sodium caseinate 
which, as previously mentioned, is of high purity 
and of more or less constant composition com- 
pared with other milk protein fractions, the pep- 
tide product also has this inherent purity and 
reproducible composition. On completion of the 
enzymic hydrolysis, the reaction requires only 
filtration and sterilisation to give the final product. 

Hydrolysates of other milk protein fractions 
may be prepared in the manner described herein- 
before. For example, hydrolysates may be pre- 
pared from the whey fraction and also from beta- 
lactoglobulin and aipha-lactalbumin. The whey 
fraction suffers from the disadvantage that it has 
rather indefinite chemical composition and con- 
tains a number of residual proteins which are 
difficult to remove and this has the potention for 
non*reproducibility and contamination of the pro- 
duct hydrolysate. The beta-lactoglobulin and 
aipha-lactalbumin fractions are of known and 
constant composition and do allow reproducible 
hydrolysates to be prepared. However, there is no 
commercial advantage in using these starting 
materials rather than the casein fraction since 
they are more difficult to obtain on the market and 
are prohibitively expensive. There is no technical 
advantage in the hydrolysates of the lactoglobulin 
and lactalbumin hyrolysates which makes them 
any more preferable to the casein hydrolysates 
with which this invention is principally concerned. 
However, circumstances may arise when these 
other hydolysates may have some hitherto unre- 
cognised medical effect which would merit the 
additional expense involved in their preparation. 

The protein hydrolysate of the invention is used 
as a dialysis fluid in the form of the aqueous 
solution hereinbefore defined. However, the pro- 
tein hydrolysate may be obtained in solid form 
from the said aqueous solution by freeze drying 
or like process. The dried material may have 
advantage in shipping, as the additional weight of 
the water is avoided thus lowering shipping costs. 
For use in dialysis the dry material is simply 
reconstructed by dissolution in water. 

The invention will now be described, by way of 
illustration, in the following Example. 

Example 1 

To a volume 100 ml of a 6% by weight solution 
of commercially available sodium caseinate, M/5 
sodium hydroxide was added dropwise to adjust 
the pH to 7.3. To the pH-adjusted solution, 20 mg 
of crystalline trypsin, dissolved in 5 ml of 0.001 M 
hydrochloric acid, were added. 



The mixture was maintained at a temperature 
of 20°C and, with an automatic system using glass 
electrodes, the pH was monitored and maintained 
at 7.3 by titration with M/5 sodium hydroxide to 
5 neutralise the acid liberated by the action of the 
trypsin on the caseinate. The hydrolysis reaction 
was complete in around 2 hours. 

Thereafter, the pH was reduced to 6.6 by titra- 
tion with M/5 hydrochloric acid. 
10 To the solution thus obtained, there was added 
physiological amounts of sodium, calcium, 
chloride and lactate and, optionally, magnesium, 
as follows: 
Sodium ton 135—145 m.equiv./litre 
is Calcium ion 2.2—2.5 m.equiv./litre 
Chloride ion 90—100 m.equiv./litre 
Lactate ion 33 — 35 m.equivTlitre 
(Magnesium ion zero — 2.0 m.equiv7litre 
The solution was then sterilised by filtration 
20 through a microporous bacterial filter of pore size 
0.45 microns. The resulting solution was sterile 
and free of any residual enzyme activity. The 
osmolality of the solution was adjusted to 
300 mOsm/Kg. 
25 Preliminary peritoneal dialyses were performed 
on non-uremic laboratory rats. This involved 
injection of 5 ml of the above solution into the 
peritoneal cavity. No ill-effects were observed. 
The solution was neither toxic nor immunogenic 
30 and was effective as a dialysis agent. 

Claims 

1. A dialysis fluid comprising an aqueous sol- 
35 ution containing as an osmotic agent a peptide- 

containing hydrolysate of milk protein. 

2. A dialysis fluid as claimed in claim 1 in which 
the protein is sodium caseinate. 

3. A dialysis fluid as claimed in claim 1 or claim 
40 2 in which the hydrolysate is prepared by enzymic 

hydrolysis of the milk protein with a proteolytic 
enzyme. 

4. A dialysis fluid as claimed in claim 3, in which 
the proteolytic enzyme is trypsin, chymotrypsin, 

45 pancreatin, pronase or mixtures thereof. 

5. A dialysis fluid as claimed in any preceding 
claim, having osmolality of from 100 to 
400 mOsm/Kg. 

6. A dialysis fluid as claimed in claim 5, in which 
so the osmolality is substantially 300 mOsm/Kg. 

7. A dialysis fluid as claimed in any preceding 
claim, in which the said aqueous solution has a 
pH of 6.6. 

8. A dialysis fluid as claimed in any preceding 
55 claim, in which the said aqueous solution con- 
tains physiological amounts of one or more of 
sodium, calcium, chloride, lactate, citrate and 
magnesium ions. 

eo Patentanspruche 

1. Dialyseflussigkeit mit einer wassrigen 
Losung, die als osmotisches Mittel ein Peptid 
enthaltendes Hydrolysat des Milchproteins ent- 
65 halt. 
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2. DialyseflQssigkeit nach Anspruch 1, bei der 
das Protein Natriumcaseinat ist 

3. DialyseflQssigkeit nach Anspruch 1 oder 
Anspruch 2, bei der das Hydrolysat durch enzy- 
matische Hydrolyse des Milch proteins mit einem 
proteolytischen Enzym hergestellt ist. 

4. DialyseflQssigkeit nach Anspruch 3, bei der 
das proteolytische Enzym Trypsin, Chymotrypsin, 
Pancreatin, Pronase oder ein Gemisch daraus ist. 

5. DialyseflQssigkeit nach einem der vorherge- 
henden Anspruche mit einer Osmolalitat von 100 
bis 400 mOsm/Kg. 

6. DialyseflQssigkeit nach Anspruch 5, bei der 
die Osmolalitat im wesentlichen 300 mOsm/Kg 
betragt 

7. DialyseflQssigkeit nach einem der vorherge- 
henden Anspruche, bei der die wassrige Losung 
einen pH-Wert von 6,6 hat. 

8. DialyseflQssigkeit nach einem der vorherge- 
henden Anspruche, bei der die wassrige Losung 
physiologische Mengen eines oder mehrerer 
lonen aus der Gruppe Natrium-, Calcium-, Chlo- 
rid-, Lactat-, Citrat- und Magnesiumionen enthalt. 

Revendications 

1. Liquide de dialyse comprenant une solution 
aqueuse contenant comme agent osmotique un 



hydrolysat contenant des peptides de protSine de 
(ait. 

2. Liquide de dialyse selon la revendication 1, 
dans lequel la proline est le casemate de 

5 sodium. 

3. Liquide de dialyse selon la revendication 1 ou 
la revendication 2, dans lequel I'hydrolysat est 
prepare par hydrolyse enzymatique de la protein© 
de lait avec une enzyme proteolytique. 

w 4. Liquide de dialyse selon la revendication 3, 
dans lequel renzyme proteolytique est la tryp- 
sine, la chymotrypsine, la pancreatine, la pronase 
ou leurs melanges. 

5. Liquide de dialyse selon Tune quelconque 
15 des revendications pr£c6dentes ayant une osmo- 

lalite de 100 a 400 mOsm/kg. 

6. Liquide de dialyse selon la revendication 5, 
dans lequel I'osmolalite est sensiblement de 
300 mOsm/kg. 

20 7. Liquide de dialyse selon Tune quelconque 
des revendications pr6c§dentes, dans lequel 
ladite solution aqueuse a un pH de 6,6. 

8. Liquide de dialyse selon Tune quelconque 
des revendications precSdentes, dans lequel 

25 ladite solution aqueuse contient des quantites 
physiologiques d'un ou plusieurs des ions 
sodium, calcium, chiorure, lactate, citrate et 
magnesium. 
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